Background: Orthognathic surgery is useful for correction of dental malocclusion and improvement of facial appearance. The FACE-Q is a patient-reported outcome instrument for evaluation of surgical and psychosocial effect. The purposes of this study were to conduct a linguistic validation of all FACE-Q scales to Mandarin Chinese, to test the orthognathic surgeryrelated scales for reliability and validity, and to evaluate the effect of orthognathic surgery.
related scales of FACE-Q instrument have also recently been translated for Hong Kong Chinese patients, it was performed in a Cantonese Chinese-speaking population [11] .
Validating multiple language versions of FACE-Q instrument is extremely relevant for future international cooperation [21] . As Mandarin Chinese is the most widely used language with more than 1 billion Mandarin speakers worldwide, in addition to 2 million or more living in the United States speaking the language [22] . The purposes of this study were (1) to conduct a linguistic validation of all FACE-Q scales to Mandarin Chinese, and (2) to assess patient satisfaction after orthognathic surgery using relevant FACE-Q measures.
Material and Methods
This was a cross-sectional study carried out at the Craniofacial Research Center, Chang Gung Memorial Hospital after approval by the Institutional Review Board. Written consent was obtained from all subjects, in accordance with the principles outlined in the Declaration of Helsinki.
Subjects
For linguistic validation phase, facial aesthetic interventions patients were recruited. For psychometric validation phase, 3 groups of subjects were included: consecutive subjects diagnosed with facial deformity, dental malocclusion and prior to the orthognathic surgery (pre-OGS group), subjects at least 6 months after receiving OGS (post-OGS group), and normal subjects with no facial deformity, dental malocclusion, or history of OGS (control group). All subjects had Mandarin Chinese as their mother language. All OGS procedures were performed by one senior surgeon (LJL) following standard planning and surgical principles [1e5] . Exclusion criteria were subjects with abnormal mentality that would impair the questionnaire application, as well as having previous facial trauma, facial surgery, or facial aesthetic procedure.
FACE-Q instrument
For linguistic validation phase, all included subjects (n ¼ 10) completed all FACE-Q scales and checklists. For psychometric validation phase, subjects of control group and pre-OGS group completed 11 FACE-Q scales (Satisfaction with facial appearance overall, Satisfaction with cheeks, Satisfaction with cheekbones, Satisfaction with lower face and jawline, Satisfaction with lips, Satisfaction with chin, Appraisal of area under chin, Satisfaction with nose, Satisfaction with nostrils, Social function and Psychological well-being). Subjects of post-OGS group also completed these 11 scales and six additional scales (Recovery-early life impact, Satisfaction with outcomes, Satisfaction with decision, Satisfaction with medical team, Satisfaction with office staff, and Satisfaction with surgeon). As recommended in the original FACE-Q studies [12e17], all subjects completed the instrument unaided and independently; they answered all questions based on their own understanding of the items.
Linguistic validation
The translation and cross-cultural adaptation process of FACE-Q instrument was conducted according to international standards and recommendations [19] . In the first step, we obtained the permission from the original developers of the FACE-Q, represented by the Mapi Research Trust (https:// eprovide.mapi-trust.org). In the second step, two forward translations were performed by two independent translators using simple terminology rather than literal translations. In the third step, a primary reconciliation version (defined as the first Mandarin Chinese version) was constructed by a local committee (two translators, orthodontics, and plastic surgeons) with experience in management of facial aesthetic patients, knowledge of Mandarin Chinese and English languages, and on the research methodology. In the 4th step, the first Mandarin Chinese version was back-translated into English by a translator which had no access to the original FACE-Q instrument. In the 5th step, this back-translated version was reviewed by the local committee in order to ensure semantic and idiomatic equivalence between the original and translated versions. Items whose meaning was not maintained were re-translated in an iterative manner until an acceptable result was achieved, leading to the approved harmonized English version, and consequently the second Mandarin Chinese version. This phase also had support from authors of the original instrument. In the 6th step, cognitive debriefing interviews and post-cognitive review were performed. In the final step, the final Mandarin Chinese version (linguistically validated translation) of the FACE-Q tool constructed by consensus/proofreading was then ready for validation [ Fig. 1 ].
Cognitive debriefing interviews
A cognitive debriefing interview was performed with a group of 5 patients per interview to ensure that the meaning of the instruction, recall period, items, and response options were the same, and that the wording was appropriate [23] . We conducted a face-to-face interview with each group by reading the translated instrument and also adopting the FACE-Q user manual provided by the Mapi Research Trust. Participants were encouraged to make comments, express their difficulties, and give their opinion on possible changes that they thought would enable comprehension. They were also requested to explain why any words were difficult to understand. Items deemed problematic by two or more participants were revised for clarity [24] .
Psychometric validation
Internal-consistency reliability was calculated using data on all subjects according to each specific scale, as established in the FACE-Q instrument subhead; for example, patient experience scales were evaluated based on scores from subjects of OGS group. Discriminant (divergent) validity was evaluated by comparing the scores of pre-OGS, post-OGS, and control groups.
Based on previous FACE-Q studies [11, 15, 16] , additional aspects of construct validity (i.e., further contrast, discriminant, and convergent validity) of Mandarin Chinese FACE-Q version were assessed to examine scale performance. Preand post-OGS scores for specific scales (Satisfaction with facial appearance overall, Satisfaction with lower face and jawline, Satisfaction with chin, Satisfaction with nose, Satisfaction with nostrils, Psychological well-being, and Social function) were compared to examine the contrast validity. For this, pairs of pre-and post-OGS subjects were matched based on age, gender, and skeletal class III pattern, as previous validation reports [11, 12] . Post-OGS scores were predicted to be significantly higher, as it was assumed that patients after OGS were more satisfied with their appearance and demonstrated a better psychosocial status [11] .
Scores for particular scales (Satisfaction with facial appearance overall, Satisfaction with lower face and jawline, Satisfaction with chin, Satisfaction with nose, Satisfaction with nostril, Psychological well-being, Social function, Satisfaction with decision, Satisfaction with outcome, and Recovery early life impact) were correlated to determine the extent to which they measured separate but related constructs. These correlations were hypothesized to be moderate as these scales were developed to measure distinct but related clinical variables [11, 15, 16] . Scores for these scales were also correlated with patients' sociodemographic characteristics to determine the extent to which a scale may be susceptible to bias due to age and gender. Theses correlations were predicted to be low [11, 15, 16] .
Statistical analysis
For the descriptive analysis, the mean was used for metric variables, and percentages were given for categorical variables. Using Excel (Microsoft Corporation, USA), the total score for each FACE-Q scale was calculated by adding the scores of each item of that specific scale. The sum score was then converted to an equivalent Rash score ranging from 0 to 100 with higher scores indicating a better outcome [13e17]. Standard psychometric tests and criteria were adopted to evaluate the reliability and validity [25e27]. For internal consistency reliability, the Cronbach's alpha of each scale, the Cronbach's of all but the item concerned, the inter-item correlation coefficients, and the item-total correlation coefficients were calculated. A Cronbach's alpha >0.70 was considered acceptable [25] . For inter-item correlation and item-total correlation, ideal coefficients were defined as 0.40e0.50 and !0.20, respectively [28e31]. For discriminant validity, intergroup comparative analyses (pre-OGS vs. post-OGS vs. control groups) were performed with paired t-test [11, 12] . Inter-scale correlation coefficients were interpreted as high (r > 0.70), moderate (r ¼ 0.30 to 0.70), or low (r < 0.30) [11, 15, 16, 27] . Two-sided values of p < 0.05 were considered statistically significant. All analyses were performed using SPSS version 20.0 (Chicago, IL).
Results

Forward translations
Reconciliation of the two independent forward translations revealed some discrepancies related to the wording of the items. These discrepancies were properly resolved after a consensus meeting held between the 2 forward translators and the local committee [Table 1 ]. Instructions, recall period, and response options were translated without discrepancies. In this translation phase, we noticed that there were three items of Satisfaction with cheekbones scale (Item b. How high your cheekbones look? Item f. How sculpted your cheekbones look? Item i. How prominent your cheekbones look?) which presents a culture diversity as Asian population generally do not interpret high, sculpted, or prominent cheekbones as aesthetically pleasing. We followed all guidelines for translation process and maintained this scale for further interpretation in cognitive interviews. The Classification of your chin (e.g. male or female)?
您下頷的風格(例如:陽剛或陰柔)？
The style of your chin (e.g. masculine or feminine)?
你的下巴的類型(例如:男性化或女性化)?
Chin d. How well your chin suits your face?
你的下巴與你的臉部的適合程度?
How well your chin suits your face?
你的下巴適合你的臉部嗎?
Does your chin suit for your face?
你的下巴與你的臉部的適合程度?
How well your chin suits your face? 
Back translation
The harmonized backward translation was compared to the original English FACE-Q version, with no discrepancies in the instructions, recall period, and response options. It revealed some discrepancies in specific words. These translated words were considered to have a different meaning than the original version and required revision (re-translation until a satisfactory result was achieved). 
Cognitive debriefing interviews
Final version
Assessment of facial appearance in patients receiving orthognathic surgery
A total of 154 subjects [ Table 2 ] were enrolled for reporting facial outcome using the Mandarin Chinese FACE-Q tool. The scores for each FACE-Q scale were compiled in [ Table 3 ]. All Cronbach's alpha values, item-total correlation coefficients, and inter-item correlation coefficients satisfied the criterion of >0.70, !0.20, and 0.40e0.50, respectively [ Table 4 ]. Each of the FACE-Q scales had discriminant validity [ Table  3 ]. Comparative analyses performed on matched pre-and post-OGS patients revealed significantly (all p < 0.01) higher post-OGS scores compared with pre-OGS scores for all tested scales. All scores were significantly (all p < 0.01) lower in pre-OGS group than the control group. All scores were significantly (all p < 0.01) higher in post-OGS group than the control group, except for Satisfaction with cheekbones, Satisfaction with nose, Satisfaction with lips, and Social function scales with similar (all p > 0.05) scores between post-OGS and control groups, and for Satisfaction with nostrils scale with significantly (p < 0.01) higher scores for control group than post-OGS group.
Scale validity was also supported by the interscale correlations [ Tables 5 and 6 ]. All interscale correlations were moderate (all r-values between 0.30 and 0.70), except for "Early life impact" scale (all r ¼ 0.30). The correlations between the tested scales and sociodemographic characteristics were low (all r < 0.30).
Discussion
Although FACE-Q instrument has been applied to measure facelift and double-eyelid blepharoplasty outcomes in Asian patients, there is no explicit information about the language of the used scales and/or data regarding the translation and linguistic validation process for use in a probable Chinese-speaking population [32, 33] . It is inappropriate to simply translate and adopt an existing PRO instrument in another linguistic or cultural context as the validity of the resulting instrument may be dubious, hamper research outcomes, and lead to erroneous conclusions [18, 19] . PRO instruments require rigorous validation process in the target population [18, 19] . We adopted the recommendations provide by the Mapi Research Trust [34] , as linguistic validation process should follow a scientifically valid guideline [35] . We noticed a potential cultural diversity, as aesthetic perception of cheekbones may influence three items of Satisfaction with cheekbones scale. Overall, these items transmitted the central idea that if the cheekbones are more high, sculpted, or prominent, the more satisfaction with the cheekbones the subject present. Prominent cheekbones are considered a classic beauty trait in Western countries [36, 37] , but many Asians find them undesirable [38e40], as a soft facial appearance (namely, a small, oval-shaped and slender face with smooth zygomatic bones) seems to be more aesthetically pleasing and attractive [38e40]. Reduction zygoma surgery has been commonly performed among Korean, Japanese, and Taiwanese populations [38e40], whereas aesthetic zygoma interventions mostly involves augmentation in Western cultures [36, 37] . Our group [38] previously demonstrated that all patients claimed that aesthetic facial bone contouring for their square faces had a positive influence on their self-confidence, on helping them choose their occupations and on their performance at work, highlighting the psychosocial impact of facial contour appearance in Asians.
This cultural difference regarding cheekbones appearance re-emphasizes the importance of linguistic validation process [18, 19, 35] . We reported this cultural diversity for Mapi Research Trust as it may potentially generate misinterpretation of items and response options. We fully followed the received recommendations and we maintained the conceptual framework of Satisfaction with cheekbones scale, making it possible to compare our findings with those of other FACE-Q studies [11e17].
For cognitive debriefing interviews, subjects were selected to represent, as well as possible, the population that the FACE-Q instrument will target, namely facial aesthetic patients [13e17] . As the participants had misunderstanding and misinterpretation about Appraisal of lines-marionette and Satisfaction with lips (item related to cupids bow) scales, two stylistic drawings were included to clarify exactly which part of the face the scales referred to. The FACE-Q also have adopted anatomical pictures with similar purposes [13e17].
As defined by the developers of FACE-Q, only those scales and/or checklists relevant to a particular patient or procedure need to be completed [13e17]. Therefore, the Cantonese Chinese and English FACE-Q versions studied 8 and 5 OGSrelated scales, respectively [11, 12] . We tested these same scales [11, 12] and 9 supplementary scales, because we hypothesized that these additional scales have the potential to expand the understanding, recognition, and appraisal of patients presenting for OGS and also the changes and experiences after OGS.
As in English and Cantonese Chinese FACE-Q instruments [11, 12] , the Mandarin Chinese version meet internal consistency reliability, construct validity, and discriminant validity [25e31] for all tested scales. All inter-item correlation coefficients were within the ideal range, and each item exhibited good individual correlation with the rest of the scale, which indicated an absence of redundancy or unnecessary items [28e31]. Interscale correlations were moderate (except for "Early life impact" scale), demonstrating that these scales measured distinct but related clinical variables. The "Early life impact" scale correlated less than 0.30 with the other scales, indicating that the construct measured by this scale was distinct. The correlations between the tested scales and sociodemographic characteristics were also low (all r < 0.30), suggesting that little bias was present.
For intergroup comparisons, the included groups were expected to be different and thus distinctions in FACE-Q scales were likewise expected. This hypothesis was supported, as the post-OGS group reported higher scores on all tested scales than the pre-OGS group. Not surprisingly, pre-OGS group showed lower scores in all tested scales than the control group, stressing the importance of using a PRO instrument developed to address what matter to specific categories of patients or procedures [11e17]. Moreover, post-OGS group presented higher or similar scores (6 scales and 4 scales, respectively) than control subjects.
The improvement of facial harmony, symmetry, and aesthetic after OGS [1e5] may justify, at least partially, these higher scores reported by post-OGS group when compared to the pre-OGS and control groups. However, although the zygomatic bone itself was not repositioned during OGS, subjects of post-OGS group presented higher and similar scores in b i o m e d i c a l j o u r n a l 4 3 ( 2 0 2 0 ) 6 2 e7 3 Satisfaction with cheekbones scale when compared with pre-OGS and control groups, respectively. Other group [41] showed that all interviewed patients had a statistically significant increase in their subject perceived malar projection score following Le Fort I advancement with or without simultaneous malar augmentation, demonstrating a change of perception about this region independently of the direct local augmentation. We hypothesize that the high-grade enhancement of general facial appearance and dental function and normalization of the profile (e.g., concave to flat or convex) added to specific enhancements of regions directly addressed by OGS (e.g., lips, lower face, and jawline) [1e5] acted to attenuate the criticality threshold related to facial regions not directly addressed by OGS. From a practical point of view, this aspect underlines the relevance to evaluate the face completely, and not only compartmentalized portions [1e5,38e40,42] .
Regarding the nose and nostril regions related scales, it has been demonstrated that OGS procedures (i.e., LeFort I osteotomy and movement of the maxilla) affect the position and shape of the nose, including significant changes of the nasolabial angle, columella inclination, nasal tip projection, width of alar base, and nostril show [43, 44] . As the increased nostril show has been considered a negative facial appearance in Asian population [45, 46] , it may explain why subjects of post-OGS group presented lower scores for Satisfaction with nostrils scale than controls. Further investigation is necessary to correlate FACE-Q outcomes and nose changes before and after OGS.
For scales related to jawline, lower face, chin and lips regions, the FACE-Q results were within expected as the bone mobilization and its repercussion on these soft-tissue regions have been reported as positive in OGS patients [1e5]. Furthermore, although post-OGS group presented higher scores for Psychological well-being scale than pre-OGS group, results remained lower when compared to the control group. Motivation to underwent OGS procedures may partially explain this finding, as we [47] previously demonstrated that patients sought OGS primarily to become more beautiful and to treat a perceived abnormal facial appearance (i.e., concave profile with malocclusion), but what they are actually seeking is treatment for other facial disfigurements (e.g., a flat nose or a square face) that might be associated with, or confused for, a malocclusion [47] . Therefore, this may impact on the maintenance of certain psychological concerns post-surgery. Consequently, our data highlight that it is essential that patients have realistic expectations about OGS and that the surgeons be honest with his or her ability to fulfill them. Surgeons may use our and previous FACE-Q data [11, 12] to alert their patients prior to OGS regarding facial appearance, quality of life, and patient experience of care obtained after OGS interventions.
Potential limitations of this study should be addressed. As our and previous [12] FACE-Q validation results reflect a single senior surgeon's experience, the generalizability of our findings cannot be assumed. Although we have a similar sample of male and female subjects, we and others [11] primarily included young adults with skeletal class III pattern. This reflects typical clinical profile of patient referred for OGS in our center [1e5,47]. We did not include a control group composed by aesthetic facial surgery patients, including surgical interventions (facelift and facial skeletal contouring) and minimal invasive procedures (fillers and toxin botulinum) interventions. Although we included a control group with no history of facial aesthetic surgery in order to reflect the reality of the local population, we did not directly investigate the intention of facial surgery within them. As facial contouring surgery and double eyelid surgery are commonly performed in Asians [33,38e40] , our results were likely influenced by the desire for facial changes. Finally, although the criteria were satisfied for all psychometric properties evaluated [25e31], we did not include all existing validation tests [25e27] . As in the Cantonese Chinese FACE-Q study [11] , we had different patient samples for the pre-and post-OGS groups and responsiveness should be the target of future investigations.
In conclusion, the linguistic validation process of the FACE-Q instrument ensued in the development of a Mandarin Chinese version for use in Mandarin Chinese speaking population. The tested scales of translated version proved to be reliable and valid for assessing patients with facial deformity and malocclusion before and after OGS. There were significant benefits of OGS on improving facial appearance and psychosocial function, as compared with the non-surgical patients and normal controls.
